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Main fields of research

Optically pumped gas lasers (photochemical lasers): new mechanisms of laser action, problem of beam quality improvement, open discharge based optical pumping sources, photochemical amplifiers of femtosecond optical pulses, noise-proof selective optical quantum amplifiers of extremely week signals and images. Near-field optics: nonuniform multi-connected optical wave guides, subwavelength focusing of laser radiation, surface-enhanced Raman scattering by metal nanoparticles, optical surface waves with wave lengths in a ten nanometer range. Quantum theory of scattering in few-body systems of both neutral and charged particles: threshold phenomena and resonance states; application of quantum theory of scattering to the calculation of the real processes in nuclear, atomic and molecular physics.

Main scientific results:

- New class of gas lasers has been developed which were named photochemical lasers. Principle of their operation relies on the optical excitation of atomic and molecular electronic transitions by broadband radiation from flash-lamps, open discharges and strong shock waves in rare gases.

- An innovative concept of obtaining high-contrast femtosecond radiation is developed, which is based on the direct amplification of 10-100 fsec optical pulses in photochemically driven broadband active media up to petawatt (1015 W) and higher level of power.

- A phenomena of phase conjugation upon induced light scattering was discovered and studied.

- A new and before not known kind of induced light scattering was discovered and studied in the thermodynamically nonequilibrium laser media, which was named induced enthalpy scattering.

- An active quantum filter relying on the active medium of iodine laser has been developed which is characterized by the quantum limit of sensitivity. It was experimentally shown that the quantum filter allows to detect signals containing as low as several photons against the background of solar disk, and to intensify extremely law  image brightness with diffraction-limited resolution. It was also theoretically shown that the quantum filter can be used within the SETI program to search for extraterrestrial intelligence at distances up to 2000 light years.

- Using numerical methods of quantum theory of scattering, unusual resonance states (Efimov states) are discovered and studied in real systems of nuclear (neutron-deuteron, proton-deuteron scattering), atomic (electron-molecule scattering) and chemical (atom-molecule) physics.
Projects:

1. Development of femtosecond laser system towards multipetawatt output power relying on the concept of direct femtosecond pulse amplification in broad-band active media of photochemical lasers. 

2. Development of physical principles underlying a new generation of the long-range (>1000 km) diurnal lidars relying on the iodine quantum filter.

Setups
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Femtosecond system relying on broadband photochemical amplifier
[image: image2.jpg]



Active quantum filter

Collaboration. 
Marseille University (France), North-West Institute of Nuclear Technology (China), University of Illinois at Urbana-Champaign (USA), Lincoln University of Nebraska (USA), National Tsing-Hua University (Beijing, China).
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